Infective endocarditis is a serious disease with diverse clinical manifestations. The aim of this work was to analyse vegetations' size in relation to the clinical presentation, course of the disease, and the type of the microorganism.
Introduction
Infective endocarditis is a serious illness with significant morbidity and mortality that needs prompt diagnosis and appropriate management. The accurate diagnosis of infective endocarditis is not always possible and under-and/or over-diagnosis is not uncommon. In 1994, the Duke criteria for diagnosis of infective endocarditis 1 defined 'positive echocardiogram' as an oscillating intra-cardiac mass, on valve or implanted material in the absence of an alternative anatomic explanation; or abscess; or new partial dehiscence of prosthetic valve; or new valvular regurgitation. These criteria included detailed description of vegetations, which is a major criteria of endocarditis. While a vegetation is almost always necessary for the diagnosis of endocarditis, decision regarding the appropriate therapy is based mainly on the clinical presentation, type of microorganism, and the presence of complications. Despite effective antibacterial therapy and better diagnostic facilities with the use of TEE, infective endocarditis is still a serious disease with high mortality and devastating complications. This grave outcome may be changed with appropriate surgery. Vegetations' size has been a questionable indication for surgery. According to the current guidelines, 2, 3 surgery is indicated in patients with large vegetations (.1 cm) on the mitral or aortic valves and embolic events, or in the presence of persistent infection, heart failure, and abscess formation (Class I). Surgery may be indicated in patients with very large vegetations .1.5 cm (Class IIb). In patients with definite infection of cardiovascular implantable electronic device, complete device removal is recommended in the presence of valvular and/or lead endocarditis or sepsis. When the vegetations are .2 cm surgical lead extraction may be the preferred approach. 4 In right-sided infective endocarditis in drug users, vegetations .2 cm and fungal infection have been associated with high in-hospital mortality. 5 In this study, the data of 102 patients with infective endocarditis were analysed, concentrating on the size of vegetations in relation to the microorganism, complications, surgery, short-, and longterm prognosis.
Methods
During the period 1998 -2010, 146 patients with the diagnosis of infective endocarditis were identified. The diagnosis of infective endocarditis was based on Duke criteria. 1 In 102 of them accurate vegetations' size was available. Measurements were performed on the frame presenting the largest vegetations' diameter. Vegetations were either measured and reported by a highly experienced attending physician responsible for the report, or measured directly by us ( Figure 1 ). In 89 of 102 patients, TEE had been performed and vegetations' size was measured on TEE. During the study period, echocardiographic examinations were performed on the following commercial systems: System 5 Vingmed [General Electric (GE) Healthcare], HP Sonos 1000 (Philips), Vivid 3 (GE Healthcare), Vivid i (GE Healthcare), Vivid 7 (GE Healthcare). Inter-observer variability was assessed by two independent observers (M.L. and Z.V.). Clinical and echocardiographic data of these patients, microbiology, data about short-and long-term outcome, were collected and analysed. Short-and long-term prognosis was assessed in relation to vegetations' size.
Statistical methods
Multivariate analysis (MATLAB, ANOVA) was applied for calculation of initial mortality, and outcome according to the vegetations' size, infecting agent, and underlying disorder. These data are presented as a colour coded model, where red colour is associated with the highest risk, and light green is associated with the lowest risk (Figures 2 -4) . P-values , 0.05 were considered as significant. Combinations of factors represented by a number of patients ,10 were marked.
Results
Among 146 consecutive patients with infective endocarditis, in 45 patients vegetations were either not found (12 patients) or could not be accurately measured (33 patients). In 102 patients, vegetations' size was either carefully measured and reported in the echocardiographic report or could be measured retrospectively. Inter-observer variability for vegetations' size measurements was 7%.
Of these 102 patients, there were 70 males and 32 females, age 64.5 + 16.5 years (Table 1) .
Mitral, aortic, and tricuspid valves were infected in 58, 39, and 7% of patients, respectively ( Table 1) . Pericardial effusion was found in 10 patients. In three patients endocarditis was complicated with perforation of the valve leaflets, in seven-with abscess formation, and in one-perforation and abscess.
In 46 (45.1%) patients, vegetations were 1 cm or more in diameter. Of 46 patients with large vegetations ≥1 cm, 38 had left-sided endocarditis.
Underlying patient-related factors
These are represented in Table 1 .
Valvular involvement

Mitral valve
Mitral valve was involved in 59 patients, predominantly native-84.7%. Degenerative mitral valve disease (myxomatous mitral valve, mitral valve prolapsed, flail mitral valve) and mitral annular calcification were the most frequent underlying valvular pathologies. Significant mitral regurgitation of the infected mitral valve was present in 37.3% of patients ( Table 2 ).
Aortic valve
Of 40 patients with infected aortic valve, native aortic valve was involved more often. The most frequent underlying pathology was calcified aortic valve. Abscess was diagnosed in seven (17.5%) patients. Significant aortic regurgitation complicated the course of the disease in 22.5% of patients.
Right-sided endocarditis Right-sided endocarditis was found in 13 patients, in 5 a pacemaker/ICD electrode was infected. Significant tricuspid regurgitation was present in seven patients.
Prosthetic valve endocarditis
Prosthetic valve endocarditis was present in 15 patients, mitral, or aortic ( Table 2) , in 1 on both prosthetic valves. Vegetations ≥1 cm were not more frequent on prosthetic valve than on native (60 vs. 42.5%, NS). Prosthetic valve endocarditis was not associated with more frequent valvular surgery (NS).
Microbiology
The most frequent infective agents were streptococci in 44%, a third of them enterococci. Staphylococci were the cause of endocarditis in 39% of patients, a half of them-MRSA. Mean vegetations' size in different pathogens was not significantly different, being somewhat larger in MRSA (1.13 cm) and smaller in enterococcal infection (0.85 cm). There was no statistically significant Vegetation size in patients with infective endocarditis difference in the infective agent in patients with large vegeations ≥1cm and very large vegetations ≥1.5 cm vs. patients with small vegetations ,1 cm. The mean age of the patients with vegetations' size ≥1 cm was lower than in patients with vegetations' size ,1 cm: 60.1 + 17.3 years vs. 67.3 + 15.5 years, P , 0.04, due to more younger drug-addicted patients in the group with large vegetations: 8 vs. 2. After all drug addicts were excluded, there was no significant difference in the patients' age between the two groups: 65.9 + 14.5 vs. 68.2 + 14.6 years (NS) ( Table 3 ).
Outcome Mortality
Of 102 patients, 23% died during the initial hospitalization, 50% died up to the current follow-up (mean follow-up 4.8 years). There was no statistically significant difference in initial mortality and long-term mortality between patients with large vegetations ≥1 cm and small vegetations in our study. Patients from both groups who died were older 69.4 + 14.9 vs. 59.5 + 16.6 years, P ¼ 0.002 (Table 4) .
Multivariate analysis (Figure 2 ), showed that MRSA infection was the strongest independent predictor of mortality(45%, P ¼ 0.007), followed by staphylococcal infection 35% (P ¼ 0.02) and by older age, 30% (P ¼ 0.02). MRSA endocarditis in patients older than 60 years was the worst combination, with the risk of mortality of 50% (P , 0.01). Staphylococcal infection in patients older than 60 years predicted mortality of 41% (P ¼ 0.01). Streptococcal infection was associated with relatively low mortality risk 13% (P , 0.05). Large vegetations were not an independent predictor of mortality for the general study population, but in older patients .60 years, large vegetations were associated with high mortality risk-38% (P , 0.05) ( Figure 2 ). Large vegetations combined with staphylococcal infection predicted mortality of 43% (P ¼ 0.01) Figure 2 Predictors of mortality risk according to vegetations' size, infective agent, underlying condition and age. Light green ¼ 10-19%, Green ¼ 20-29%, Yellow ¼ 30-39%, Orange ¼ 40-49%, Red ¼ 50-100%. NA, combinations that did not occur. .1 cm, vegetations ≥ 1 cm; Staph, staphylococci, MRSA, methicillin resistant Staphylococcus aureus; Strept, streptococci; Enter, enterococci; DM, diabetes mellitus; Ca, cancer; Addict, drug addicts; Pr. V, prosthetic valve endocarditis; CRF, chronic renal failure. P , 0.05 is considered as significant and appears on the figure. When the results were not statistically significant P-value was not written. *Since the number of cases was ,10, even if it was statistically significant, these results should be interpreted with caution. Patients in the highest risk of mortality are those with methicillin resistant Staphylococcus aureus endocarditis independently of vegetations' size and patients with staphylococcal endocarditis associated with large vegetations. Age .60 was an independent predictor predictor of mortality in 30% (P ¼ 0.02). The combination of methicillin resistant Staphylococcus aureus endocarditis and older age (.60) is predictive for the risk of mortality in 50%. Large vegetations were an independent predictor of mortality in older patients .60: 38% (P , 0.05).
( Figure 2 ). The combination of staphylococcal endocarditis with large vegetations in older patients (.60 years) was associated with mortality risk of 50%, P ¼ 0.02.
Embolic complications
Embolic complications occurred in 20.6%, and were not more prevalent in the group with large vegetations. There were five cases of peripheral embolism, three cases of multiple emboli, systemic, and peripheral: brain, kidney, extremities, lung; two patients had mycotic aneurysm and subarachnoid haemorrhage, nine cases of cerebral embolism, one case of septic arthritis, and one case of spleen embolism. Multivariate analysis (Figure 3) showed that vegetations' size was not a predictor for embolism in the entire cohort. Large vegetations ≥1 cm in drug addicts were predictive for embolism in 57% (P ¼ 0.01); presence of staphylococcal infection in drug users was associated with embolism in 60% (P ¼ 0.03); large vegetations ≥1 cm in staphylococcal endocarditis in drug addicts were predictive for embolism in 75% (P ¼ 0.006); these results should be interpretated with caution due to small number of patients in these subgroups.
Abscess formation
Endocarditis was complicated with an abscess in eight patients, all of them occurred in patients with large vegetations, that predicted a risk of abscess formation in 17% (P , 001). Large vegetations in streptococcal endocarditis predicted risk of abscess in 21%, P ¼ 0.02. When large vegetations were combined with MRSA infection, the risk of abscess was 27% (P ¼ 0.01), large vegetations in patients with prosthetic valve endocarditis were predictive for an abscess in 33% (three of nine), P , 0.003. Large vegetations in diabetic patients predicted an abscess in 25% (P , 0.02), that was increased in older (.60 years) subjects: 30%, P ¼ 0.01.
In one patient paravalvular abscess was complicated with penetration to the right atrium; in another with dehiscence of a composite aortic graft; in one patient abscess on a heavily calcified native aortic valve, was drained into the left atrium. Perforation . *The number of cases was ,10. Even if it was statistically significant, these results should be interpreted with caution. NA, combinations that did not occur. .1 cm, vegetations ≥ 1 cm; Staph, staphylococci; MRSA, methicillin resistant Staphylococcus aureus, Strept, streptococci; Enter, enterococci; DM, diabetes mellitus; Ca, cancer; addict, drug addicts; Pr. V, prosthetic valve endocarditis. CRF, chronic renal failure. P , 0.05 is considered as significant and appears in the figure. When the results were not statistically significant P-value was not written. Drug addicts with large vegetations or in association with staphylococcal infection were predictive of embolism, the number of cases in these combinations was ,10.
Vegetation size in patients with infective endocarditis of valve leaflets occurred in five patients, one of them also had an abscess; two occurred in patients with large vegetations(NS).
Cumulative risk of mortality, embolism, and abscess formation ( Figure 4) was assessed in relation to the infective agent, vegetations' size, and patients' age. In staphylococcal endocarditis, the cumulative risk of mortality and embolism was 45%, P ¼ 0.02, in MRSA infection 55%, P ¼ 0.01, in staphylococcal endocarditis with large vegetations (≥1 cm) the risk of mortality and embolism was 52%, P ¼ 0.02. Risk of mortality, embolism, and abscess in patients with large vegetations was 48%, P ¼ 0.03, in older patients (.60 years) this risk increased to 54%, P ¼ 0.04, in staphylococcal endocarditis with large vegetations it was 62%, P ¼ 0.01. Table 5) .
Cardiac surgery
Sixteen patients (15.7%) of the 102 patients were referred to cardiac surgery during the initial hospitalization, 12 of them had large vegetations ≥1 cm. Mean vegetation size was 1.3 + 0.7 cm. Only one patient was referred for surgery due to very large vegetation (3.5 cm) (
Outcome in diabetic patients
There was no significant difference in mortality (22 vs. 21%, NS) and embolism (11 vs. 23%, NS) in diabetic patients vs. patients without diabetes during the initial hospitalization.
Discussion
The significance of vegetations' size has been a subject of discussion for many years. The diagnosis of endocarditis initially was based on direct inspection of vegetations at necropsy and the most frequent underlying pathology had been rheumatic heart disease (6, Table 6 ). In later clinical studies, the ability to inspect vegetations depended on the resolution of different echocardiographic techniques, and imroved significantly during the last 30 years with the use of TEE ( Table 6 ). In our series, TEE was performed in 87% of the patients. The age of the patients has rised significantly over the years (Table 6) , which may probably be attributed to increased longevity and better social conditions over these years. Figure 4 Cumulative risk of mortality, embolism, and abscess. Staph, staphylococcus; MRSA, methicillin sensitive Staphylococcus aureus. In staphylococcal endocarditis risk of mortality and embolism was 45%, P ¼ 0.02. In staphylococcal endocarditis with large vegetations ≥1 cm, the risk of mortality and embolism was 52%, P ¼ 0.02, in MRSA endocarditis-55%, P ¼ 0.01. Risk of mortality, embolism, and abscess formation in patients with large vegetations ≥1 cm was 48%, P ¼ 0.03, in staphylococcal endocarditis with large vegetations-62%, P ¼ 0.01, in older patients .60 with large vegetations risk of mortality, embolism, and abscess was 54%, P ¼ 0.04. 
MAC, mitral annular calcification; TV, tricuspid valve; TR, tricuspid regurgitation; MV, mitral valve; MR, mitral regurgitation; AV, aortic valve; AI, aortic regurgitation. In 11 patients two different cardiac structures were involved simultaneously: in eight, two different valves, in two vegetations were found on the mitral valve and on an intracardiac pacemaker, and in one on the tricuspid valve and an electrode.
Mitral and aortic valves involvement is prevalent, and currently, degenerative valvular disease is the predominant underlying valvular pathology. Percent of the patients with diabetes mellitus increased significantly from 7-8% 13, 17 to 27% in our series.
The most prevalent infecting agents in the first studies were streptococci, that decreased in the last series, and now are responsible for less than a half of the cases of endocarditis, in our series 44%. Culture negative endocarditis varies significantly in different series and depends on many factors including early antibiotic therapy in the community and on different laboratory facilities. In our series, 15% of patients were culture negative ( Table 6) . Embolic complications decreased significantly from 51 6 to 21% in our series. Mortality varied in different series, in our series it was higher than reported previously-23%. Surgical treatment was applied variously from 13.6%
12 to 51-53%; 9, 16, 17 congestive heart failure and need for surgical intervention. 7 Embolic complications ocurred more often in patients with large vegetations .1 cm. 9,10,12 -14,18,19 In our series, higher embolic risk was found in drug addicts with large vegetations (57%, P ¼ 0.01), or with staphylococcal infection (60%, P ¼ 0.03), and the highest risk of embolism was found in drug addicts with staphylococcal endocarditis and large vegetations (75%, P ¼ 0.006), however, these sub-groups were small. Abscess formation in our study was associated with large vegetations, especially in the presence of MRSA or diabetes, increasing in older patients with large vegetations and diabetes up to 30%, P ¼ 0.01.
Large vegetations .1 cm have been associated with mortality, 12, 13, 18 in-hospital events and CHF, 14 persistent infection and septic shock. 19 In the study of Nunes et al. 17 vegetations' size .13 mm was the only independent predictor of mortality. In our study, large vegetations were predictive for mortality risk of 38% (P , 0.05) in older patients .60 years. In the entire cohort, large vegetations were not associated with higher mortality (Figure 2) .
In previous studies staphylococcus was associated with mortality, 12, 18 and embolism 18 and in a recent study staphylococcal bacteremia was associated with a high prevalence of endocarditis. 24 In our series, the strongest independent factor that affected mortality was MRSA infection (Figure 2) , followed by staphylococcal infection, followed by older age .60 ( Figure 2) . The combination of the MRSA and age .60 years was associated with the highest risk of mortality, followed by staphylococcal endocarditis with large vegetations or in older patients (Figure 2) . There were no significant difference in the infective agents between the patients with large and small vegetations.
a
Other-E. coli, Q fever and in one case Klebsiella ESBL, and E.coli. *Non-enterococcal streptococci were significantly more frequent cause of endocarditis, followed equally by non-MRSA staphylococci and staphylococci (P ¼
0.038).
Vegetation size in patients with infective endocarditis Large vegetations were associated with a higher rate of surgery. 14, 19 In the Euro heart survey on valvular heart disease in 2001, in which 92 centres from 25 countries participated, 159 patients of the total cohort suffered from infective endocarditis. More than a half of these patients underwent surgery (51.6%), of them only four patients with native valve, and one due to prosthetic valve endocarditis and a very large vegetation. 16 In a recent series (Gotsman et al.)
18
, staphylococcal infection and vegetations' size were independent predictors of embolic events and of a higher mortality. In another study by Lucies et al., 19 the size of vegetations was independently associated with embolic events, predicted a higher probability of cardiac surgery, persistent infection and septic shock but not an increased risk of death. Among 24 patients with prosthetic valve endocarditis, 20 large vegetations ≥1 cm were found in 45.8% ( In our series, large vegetations ≥1 cm in older patients .60 years were associated with mortality risk of 38% (P , 0.05). Large vegetations in association with staphylococcal infection were predictive for mortality risk of 43% (P ¼ 0.01). Staphylococal endocarditis with large vegetations in older patients was predictive for mortality risk of 50%, P ¼ 0.02. Large vegetations were associated with higher rate of abscess formation (17%, P , 0.001), especially in patients with MRSA endocarditis (27%, P ¼ 0.01) and diabetes (25%, P , 0.02) and in older patients (30%, P ¼ 0.01). These data may support considering early surgical treatment in patients with MRSA endocarditis; staphylococcal endocarditis especially with large vegetations; and in older patients (.60 years) with large vegetations. Cumulative risk of mortality, embolism, and abscess ( Figure 4 ) in infective endocarditis is very high in the presence of large vegetations, especially in staphylococcal endocarditis and in older patients.
Limitations
Several limitations should be recognized (1) Although in most patients vegetations were prospectively measured by us, the series is retrospective and the data are based on patients files. (2) Drug addicts represent a special population among patients with endocarditis: They are generally younger, often suffer from rightsided endocarditis and are generally different from the current average profile of the patients in our, as well as other series. Nevertheless, we believe that these patients should have been included in the series, as they are part of the general population of patients at risk for infective endocarditis. Vegetation size in patients with infective endocarditis
Conclusions
Our data indicate that in patients with infective endocarditis the strongest predictors of mortality are MRSA infection, staphylococcal infection associated with large vegetations (≥1 cm) or with older age, and large vegetations in older subjects. All these factors: infective agent, vegetations' size, and the patient's age should be taken in consideration and surgical intervention in these subjects may be considered early.
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